The relative importance of atmospheric versus oceanic transport for poly-and perfluorinated 19 alkyl substances (PFASs) reaching the Arctic Ocean is not well understood. Vertical profiles 20 from the Central Arctic Ocean and shelf water, snow and meltwater samples were collected in 21 2012; 13 PFASs (C6-C12 PFCAs; C6, 8, 10 PFSAs; MeFOSAA and EtFOSAA, and FOSA) 22 were routinely detected (range: <5 -343 pg/L). PFASs were only detectable above 150 m 23 depth in the polar mixed layer (PML) and halocline. Enhanced concentrations were observed 24 in snow and meltpond samples, implying atmospheric deposition as an important source of 25 PFASs. Model results suggested atmospheric inputs to account for 34-59% (~11-19 pg/L) of 26 measured PFOA concentrations in the PML (mean 32±15 pg/L). Modeled surface and 27 halocline measurements for PFOS based on North Atlantic inflow (11-36 pg/L) agreed with 28 measurements (mean, 17, range <5-41 pg/L). Modeled deep water concentrations below 200 29 m (5-15 pg/L) were slightly higher than measurements (<5 pg/L), suggesting the lower bound 30 of PFAS emissions estimates from wastewater and rivers may provide the best estimate of 31 inputs to the Arctic. Despite low concentrations in deep water, this reservoir is expected to 32 contain most of the PFOS mass in the Arctic (63-180 Mg) and projected to continue 33 increasing to 2038. 34 35 TOC art 36 37 38 39 40 Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are groups of anthropogenic 41 chemicals having a perfluoroalkyl moiety (CnF2n+1 ̶ ) with different polar heads (e.g., 42 carboxylate, sulfonate, phosphonate). 1 Much attention has been given to two perfluoroalkyl 43 acids (PFAAs) -perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) because of 44 their potential toxic and bioaccumulative effects, as well as their ubiquitous occurrence in the 45 environment including remote areas. 2-10 In May 2009, PFOS and chemicals that can degrade 46 to PFOS were listed in the Stockholm Convention as Persistent Organic Pollutants, and 47 parties to the Convention must seek to eliminate the production and use of PFOS. 11 48 Since PFAAs are strong acids and highly soluble in water, oceans are believed to be 49 the final global sink for these compounds. 12 Atmospheric transport of volatile fluorotelomer 50 alcohols (FTOHs) and subsequent oxidative reactions of these compounds are also sources of 51 PFAAs in remote areas like the Arctic, as evidenced by the detection of the FTOHs and their 52 intermediates in remote areas. 13-16 Inputs of surface waters from the North Pacific and North 53 Atlantic and atmospheric deposition all lead to accumulation of PFASs in Arctic surface 54 waters. The majority of seawater inflow to the Arctic occurs from mid-depth North Atlantic 55 seawater (20-200 m) and results in PFASs being present below the polar mixed layer 56 (PML). 10,12 57 Several previous studies have reported PFAA concentrations in surface water in 58 different oceans. 3,17-21 Relatively higher concentrations were found in the Atlantic (PFOS: <5-59 291 pg/L; PFOA: <4-439 pg/L) compared to the Pacific (PFOS: <5-78 pg/L; PFOA: <4-142 60 pg/L); 3,20 and higher concentrations were observed in coastal regions compared to off-shore 61 areas. 6,22 Previous PFAS measurements in Arctic seawater have been limited to surface water 62 (<20 m depth). 17-19,21 The composition of PFASs previously measured in surface waters 63 4 varied across different locations, likely due to their complex sources and transport pathways 64 in the Arctic. 19 65 Compared to the major ocean basins, the Arctic Ocean is smaller and has a much 66 greater continental shelf area (70%) and freshwater inputs. 23 It provides an oceanic pathway 67 between the Pacific and the Atlantic basins and plays an important role in the global 68 thermohaline circulation through its role in the Atlantic Meridional Overturning Circulation. 23 69 Water of Atlantic origin enters the Arctic through the east side of the Fram Strait into the 70 Eurasian Basin or the Barents Sea (Figure 1). Water flows in a counter-clockwise direction in 71 the Nansen basin and then either to the Amundsen basin, or to the Makarov or Canada basins. 72 A minor influx of Pacific water enters the Canada Basin through the Bering Strait (Figure 1). 73 Seasonally varying fresh water input also contributes to Arctic surface waters and are thought 74 to be important for inputs of other contaminants. 24-26 The outflows of the Arctic Ocean are all 75 to the Atlantic through either the western side of the Fram Strait 24 or the complex channels of 76 the Canadian Archipelago. 27 77 The entire Arctic Ocean is seasonally covered by ice. 28 Both the formation (reduced 78 wind-mixing) and melting of sea-ice (fresher surface layer) contribute towards ocean 79 stratification. Complex surface and subsurface dynamics of the Arctic water column mean 80 surface water PFAS measurements are not sufficient for understanding spatial and temporal 81 variability and mass accumulation. In addition, biological exposures extend beyond the 82 surface mixed layer for benthic and demersal food webs. 83 While information on PFASs in the Arctic is limited to surface waters, several studies 84 show the penetration of other organic contaminants to deeper waters. Sobek and Gustafsson 29 85 demonstrated that concentrations of polychlorinated biphenyls (PCBs) were greatest in the 86 intermediate and deep water in samples collected in the early 2000s. A similar enrichment in 87 deeper waters was also confirmed for polybrominated diphenylethers (PBDEs) in the central 88 5 Arctic Ocean. 30 Previous work had already shown that the presence of 89 hexachlorocyclohexanes (HCHs) in deeper waters caused their export from the Arctic 90 Ocean. 31 Additional vertical profiles were reported for PCBs and PBDEs for the North 91 Atlantic, confirming their penetration to below 2000 m. 32 Yamashita et al. 22 also showed 92 detectable concentrations of several PFASs in the Subarctic Labrador Sea region at depths 93 greater than 3500 m in vertical profiles from 2004. For these profiles, surface water PFAS 94 concentrations were enriched relative to subsurface waters. The available evidence for these 95 organic contaminants implies that persistent compounds are present in deep waters at 96 concentrations that may exceed those measured in the surface water. A recent study has 97 shown accumulation of PCBs and PBDEs in deep-sea organisms. 33 98 In the present investigation, water samples were collected and analyzed from different 99 depths of the water column at eight locations in the central Arctic (seawater, snow and 100 meltpond water), and seven stations on the Arctic shelf (Figure 1). The aims of this study 101 were to: (i) understand the spatial and vertical patterns of PFASs in Arctic Ocean seawater; 102 (ii) assess the roles of atmospheric and oceanic transport of PFASs into the Arctic Ocean; and 103 (iii) reconcile measured PFAS data with modeled results for different Arctic ocean water 104 masses based on a geochemical Arctic Ocean box model.
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aliquot was injected onto the column, with 2 mM ammonium acetate in Milli-Q water and 138 MeOH used as mobile phases. Detailed MS/MS conditions, including collision energies, cone 139 voltages, and MS/MS optimization parameters have been reported elsewhere. 37 Internal 140 calibration using corresponding mass-labelled standards was used to quantify PFASs with 141 mass-labelled standards (SI Table S2 ). Internal calibration curves were constructed at 5, 10, Quality Assurance/Quality Control. All the reagents and apparatus (sampling bottles, 155 transfer pipette, pipette tips and falcon tubes) were tested for the presence of target PFASs 156 (<0.1pg/mL). Since Milli-Q water and Waters OASIS WAX-SPE cartridges contained trace layer water samples (3000 m depth from 4 different stations) were served as field blanks and 163 were found below limits of quantification (LOQs: 5-20 pg/L, SI Table S3 ). The definition of 164 LOQs will be explained below. Matrix recoveries were confirmed using the deep layer (3000 165 m) of water samples (n=4) by spiking 100 L of the native standards (1 pg/L) into spike 166 samples and equal amount of MeOH into non-spike samples before extraction; mass-labelled 167 standards were spiked into the LC vials before instrumental analysis. The recoveries were 168 calculated by the difference between the measured valued in the spike and non-spike samples 169 divided by the theoretical values X 100%; most of the target PFASs had the recoveries ranged 170 from 85-106%, except 60% for FOSA (SI Table S3 ). The recoveries of the mass-labelled Table S2b ). The interlaboratory comparison between ALFONSE and MTM was limited to 180 PFOA and PFOS, and their respective relative standard deviations for PFOA and PFOS were 181 27 and 15% at most (see SI for more details, including SI Table S6 ). Pacific. Atmospheric deposition is based on ice-core data from Young et al. 16 We present Table S7 ). Therefore, the following discussion will only 211 focus on these thirteen PFASs. SI Table S8 . Table S7l ). Snow samples 315 showed detectable concentrations of PFCAs (C6-C12), PFSAs (C8 and C10), MeFOSAA, SI Table S9 ).
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Snow has been suggested to be an effective scavenger of PFAS in the atmosphere; Figure 1 ). (Total PFAS concentration is the sum of detectable PFASs; zero was assigned for calculating total PFAS when the samples were found below LOQ) 
